The objective of this study was to confirm the influences of stress from labor and climate on the formation of the mother-offspring bond in Morada Nova sheep in the first 2 h after delivery or at the moment of the first suckling of the newborn. The data were collected from 80 Morada Nova ewes (25 primiparous and 55 multiparous) and their lambs in 2 periods of the year. On the basis of the average length of parturition and the black globe temperature-humidity index (BGTHI) at the time of the birth, the ewes were grouped into 3 classes corresponding to the length of parturition, classified as short (less than 15 min), medium (between 15 and 30 min), or long (more than 30 min). Similarly, the BGTHI at the moment of birth was classified into 1 of 3 ranges: low (less than 65), intermediate (greater than 65 but less than 80), and high (greater than 80). For the characterization of mother-offspring behavior, evaluations were performed in the first 2 h after birth or until the moment of the first suckling of the newborn. Maternal factors such as maternal grooming, facilitating sucking, frequency of low-pitched bleats, and latency to groom were recorded. For the lamb, attempts to seek the udder, the frequency of low-pitched bleats, latency to first reaction, latency to stand, and latency to suckle were recorded. The lambs were slower (P < 0.05) to stand and suckle when they were born in conditions of a BGTHI below 65. The latencies to stand and suckle were greater (P < 0.05) in newborn lambs born during labor that took more than 30 min. For maternal behaviors, activities such as maternal grooming and the facilitation of suckling were greater (P < 0.05) during the time periods with higher bioclimatic index values. Moreover, the dams cleaned or licked (maternal grooming) the newborns for a lower percentage of time (P < 0.05) when the labor lasted longer than 30 min. From the present study, it can be concluded that newborn Morada Nova lambs are slower to stand and suckle when born under BGTHI conditions below 65. Furthermore, prolonged labor harms the mother-offspring bond, especially in terms of the dam's ability to clean (maternal grooming) her lamb's body and facilitate its first suckling.
INTRODUCTION
In extensive management systems, the mortality of lambs has been attributed to various factors, including adverse climatic conditions, dystocic labor, low birth weight, hypothermia, delayed lactogenesis, insufficient colostrum production, and competition with siblings in multiple births (Dwyer, 2003 (Dwyer, , 2008 Nowak and Poindron, 2006) . Problems related to dystocia are directly related to the mortality of lambs, as these problems act as a source of stress both to the newborn and to the mother and can result in failed interactions between the mother and the offspring. Newborns from dystocic labor have difficulties maintaining homeothermy and can show delayed behaviors such as attempts to seek the udder and suck (Darwish and Ashmawy, 2011) .
In nontropical regions, several studies have shown that hypothermia commonly precedes neonatal death in most farm animals (Hight and Jury, 1970; Dalton et al., 1980; Alexander, 1984; Pires et al., 1993; Wassmuth et al., 2001) . Nevertheless, even in Brazil, a country with a tropical climate, a newborn can suffer stress from cold, especially during labor that occurs at night. Newborn lambs are highly susceptible to hypothermia due to their high surface area to mass ratio and because they have trouble conserving heat, as they are wet when born and do not have a well-developed insulating surface (Eales and Small, 1985) . An increase of 40% in the production of body heat occurs with the ingestion of colostrum in newborn lambs (Eales and Small, 1981) . Thus, a good portion of the energetic supply for the newborn comes from colostrum, and the faster they access the udder, the greater their chances of surviving the adversities of the external environment are.
Understanding behaviors that occur in the motheroffspring dyad in the perinatal phase is necessary to know the factors that lead the ewes and lambs to establish a relationship and to define adequate handling strategies during the delivery season. Thus, the objective of this study was to evaluate the influence of the duration of labor and of BGTHI at the time of the birth on the formation of the mother-offspring bond in Morada Nova sheep.
MATERIALS AND METHODS

Animal Care and Use
The study was reviewed and approved by the Federal University of Paraíba Animal Care and Use Committee before the study started.
Animals
The study was conducted in the Small Ruminants Research Unit of the Experimental Station of São João do Cariri, which belongs to the Agrarian Sciences Center of the Federal University of Paraíba, Campus II, located in the municipality of São João do Cariri. According to Koppen's classification, the climate of the region is BSh, semiarid with a rainy season from January to April and an average annual precipitation of 450 mm. The climate of the region provides a typical vegetation classified as hyperxerophytic caatinga (savanna) distributed at low depths and on very stony soil.
Data were collected on 80 Morada Nova ewes (25 primiparous and 55 multiparous) and their 80 lambs in 2 periods of the year with 2 different lots. The average air temperatures for the 2 periods were, respectively, 27.2°C ± 4.0°C and 26.9°C ± 4.1°C, and the cumulated precipitation was 25 and 36 mm. In the 2 periods, estrus was not synchronized, and the ewes were naturally mated with the same 4 Morada Nova rams. The ewes had an average BW at parturition of 33.5 ± 3.95 kg for the first lot and 34.2 ± 3.05 kg for the second lot.
Pregnancy diagnosis was confirmed by transrectal ultrasound scanning at d 90 of pregnancy; the number of fetuses and the dates of labor were predicted according to the mating dates, assuming a gestation period of 145 d. On the basis of the average length of parturition and the black globe temperature-humidity index (BGTHI) at the time of birth, the ewes were grouped into 3 classes for the length of parturition: short (less than 15 min), medium (between 15 and 30 min), and long (more than 30 min). Similarly, the BGTHI scores at the moment of birth were classified into 1 of 3 ranges: low (less than 65), intermediate (greater than 65 but less than 80), and high (greater than 80). The number of lambs born as a function of BGTHI ranges as a function of BGTHI ranges and labor duration is shown in Table 1 .
Management
After the breeding season, both lots were fed a semiintensive feed regimen. At 0600 h, the ewes were released in a natural pasture area with an arboreal stratum composed mainly of Croton sonderianus Muell. Arg., Caesalpinia pyramidalis Tul., Malva sp., and Aspidosperma parvifolium Mart and an herbaceous stratum with Cyperus uncinulatus Schander, Paspalum scutatum, Diodia teres Walter, Aristida adscensionis L., Chamaecrista desvauxii (Collad.) Killip, and Evolvulus filipes Mart.
At 1700 h, all of the females returned to the management center and were housed and fed a concentrated diet based on corn meal, soybean meal, cotton cake, wheat meal, and a mineral mixture containing 17% CP and 2.8 Mcal. The ewes were fed a daily intake of 300 g/ewe until the final third of gestation, when the intake was increased to 400 g/ewe, which was based on the average BW for the lots; all diets were formulated according to NRC (1985) . Mineral supplementation (common salt, mineral core [macro-and microminerals], urea, and dicalcium phosphate) and water were provided ad libitum. Ten days before the predicted labor date, the ewes were taken to a maternity pen (6 m wide and 12 m long) with a conventional floor of washed sand. The pen had a covered area with ceramic tile and a ceiling height of 2.5 m. The ewes remained in the pen until the day of labor, receiving roughage composed of sorghum silage and forage palm (in addition to the concentrated supplementation) to meet the DMI requirements of 3.0% for an animal with an average live weight. Ewes due for lambing were kept under 24-h observation for 20 d to determine the exact time of lambing.
Data Recording
A set of thermometers was placed in the interior of the pen at a height of 1.0 m from the floor to collection the environmental data, including ambient temperature, black globe temperature, air relative humidity, and wind speed. The climatic variables were measured every 2 h, 24 h/d (Fig. 1) . The black globe temperature was obtained using a hollow plastic sphere with a thickness of 5 mm and a diam. of 0.15 m, blackened with high-absorptivity black paint and containing a dry-bulb thermometer to provide an indication of the combined effects of temperature, air speed, and radiation. The ambient temperature, air relative humidity, and wind speed were obtained through a digital hygro-thermo-anemometer. With the climatic data, the BGTHI was calculated according to the equation cited by Buffington et al. (1981) :
where BGT is the black globe temperature (K) and DPT is the dew point temperature (K).
To characterize the mother-offspring behavior, evaluations were performed from the first apparent signs of labor until the first 2 h after birth or the moment of the first suckling of the newborn. When the neonate was unable to suckle within 2 h, a latency to suckle value of 120 min was assumed. In the case of twin births, the observation was conducted only for the first lamb. The observations were performed in a direct and continuous manner by the method of focal animal sampling from a previously prepared ethogram for the records of duration (time) and frequency (n) of the behavioral states and events of the ewes and the newborns (Martin and Bateson, 1986) . The ewes were marked with nontoxic black paint on the right and left sides to facilitate their identification by the observers at the time of evaluation.
Nine people conducted the observations and were divided into groups of 3 people who conducted 8-h shifts. All observers were subjected to a confidence test for the records of behavioral activities. This test was conducted with the use of videos in which each observer recorded the behaviors of interest. The records were then compared, with at least 95% correlation between the observers.
The recorded data included the length of parturition, defined as the interval (in minutes) from the appearance of fluids until the birth of the lamb. During the postpartum observations, maternal factors such as maternal grooming percentage of time in each observation that the ewe spent cleaning the newborn), facilitating sucking (percentage in each observation in which the ewe exposes her udder to the newborn or remains still while the lamb seeks the udder), frequency of low-pitched bleats (expressed as the number of occurrences per minute that the ewe vocalizes with her mouth closed), and latency to groom (defined as the time until the ewe touched the lamb) were recorded.
For the lambs, attempts to seek the udder (percentage of time in each observation that the lamb spent in the parallel inverse position with its head nudging the ewe in the udder region), the frequency of low-pitched bleats (expressed as the number of occurrences per minute that the newborn vocalized with its mouth closed), latency to first reaction (defined as the time until the lamb raised and shook its head), latency to stand (defined as the time taken by the lamb to place its 4 legs on the ground for a period of approximately 5 s), and latency to suckle (defined as the time until the newborn performed its first successful suckling) were recorded.
Statistical Analyses
Exploratory analyses were conducted to characterize the data distribution and the most relevant sources of variation, and from these results, models for use in confirmatory analyses were defined. The normality distribution was checked by skewness and kurtosis coefficients.
A generalized linear model (GLIMMIX procedure) was used to examine the main effects of the length of parturition (short, medium, or long), range of BGTHI (low, intermediate, or high), pregnancy status (primiparous or multiparous), and the birth season (first or second birth season) on the maternal and neonatal behaviors. However, all nonsignificant terms were removed, and the models were refitted. Thus, the length of parturition and the range of BGTHI were defined as fixed effects in the final model. The negative binomial (frequency data) and lognormal (data measured in time) data were used. The means were compared by the Tukey test. The statistical package used for all statistical analyses was SAS version 9.3 (SAS Inst. Inc., Cary, NC). The minimum level of confidence was P < 0.05.
RESULTS
No significant interactions between factors (BGTHI ranges × duration of labor) were observed; thus, each factor will be discussed individually.
There was no difference (P > 0.05) in latency to first reaction of newborns born under the different conditions of BGTH index (Table 2) . However, the latency to stand was higher (P < 0.05) in lambs born in BGTHI conditions below 65, compared to those born under intermediate and high BGTHI. Similarly, in BGTHI conditions below 65, the latency to the first suckle of the lambs was higher compared to lambs born within intermediate and high BGTHI ranges. Comparing the latency for the first suckle of the lambs born in times with high and intermediate BGTHI, those born under BGTHI conditions above 80 presented a lower latency.
Attempts to seek the udder were higher (P < 0.05) in lambs born under BGTHI conditions below 65 compared to those born when the BGTHI range was intermediate or high. The frequency of low-pitched bleats was higher (P < 0.05) in neonates born when BGTHI was below 65 and intermediate compared with lambs born when BGTHI was greater than 80.
Regarding the maternal behavioral progress, the latency to groom was not affected (P > 0.05) by the ranges of the bioclimatic index (Table 2 ). In contrast, the maternal grooming activity was lower (P < 0.05) for ewes that lambed under BGTHI conditions below 65 compared with those that lambed when BGTHI was intermediate or high. The facilitation of suckling occurred more (P < 0.05) during time periods with higher and intermediate bioclimatic index values compared with time periods where BGTHI conditions were below 65. Moreover, the number of low-pitched bleats emitted by the ewes was similar (P > 0.05) in frequency for the different BGTHI ranges.
The latency to the first reaction did not differ (P > 0.05) in lambs born from labors with short, medium, and long durations (Table 3 ). The latencies to stand and to suckle were greater (P < 0.05) in newborn lambs born following labor longer than 30 min compared to lambs born following medium-and short-duration labors. In addition, attempts to seek the udder were more intense for lambs born (P < 0.05) after prolonged labor (>30 min) compared to lambs born after short and medium labors. The duration of labor did not affect (P > 0.05) the frequency of low-pitched bleats of the newborns.
There was no difference (P > 0.05) in latency to groom for ewes with labors of short, medium, and long durations (Table 3 ). The maternal grooming was lower (P < 0.05) in ewes with labor duration greater than 30 min compared to ewes with short and medium deliveries. The facilitation of suckling was lower (P < 0.05) in ewes with a medium delivery duration compared to those with short and long labors. Finally, the duration of labor did not affect (P > 0.05) the frequency of low-pitched bleats of the ewes.
DISCUSSION
Because of the relatively large body surface area and relatively small thermal insulation characteristics of the neonate, its lower critical effective environmental temperature is very high at birth (29°C as determined by Curtis, 1983; Baêta and Silva, 2010) . This value means that even in relatively warm environments (by adult standards), the neonate can be cold stressed and might have to increase its heat production rate above the minimal level. In this experiment, during the night, the temperature at which the lambs were born was below the lower critical temperature. In arid and semiarid regions, even in the hottest months of the year, the night temperatures are usually much lower (high thermal amplitude) than those during the day (Bailey, 1979) .
The current results revealed that the lambs were slower to express early and took more time to stand and to suckle when they were born under BGTHI conditions below 65. Conversely, at higher temperatures (BGTHI > 80), the newborns were more reactive because the animals were able to maintain heat due to the smaller thermal gradient with the environment. In addition, the greater environmental challenges made it more difficult for the newborns to locate the udder. According to our results, the time spent by the lamb seeking the udder can have a positive relationship with the latency to first suckling. However, some authors reported a negative correlation between attempts to seek the udder and the time until the first suckling (Toledo et al., 2007) .
As lambs are born with few energy reserves, rapid access to the udder and early suckling are extremely important to provide the progeny with colostrum, which satisfies their metabolic needs and protects them from the harsh elements of the environment (low temperatures, wind, and pathogens). Thus, neonates need to be active to rapidly seek the udder, locate the teat, and suckle (Rech et al., 2011) . In studies with newborn Nellore calves in tropical environments, Toledo et al. (2007) used the temperature-humidity index to evaluate the impacts of climatic variables on the agility of the animals soon after birth and confirmed that at values below 66, the lambs were less reactive and were slower to stand and suckle for the first time. Conversely, in studies performed on Blackface lambs, Dwyer (2003) demonstrated that being born during the day or night in temperate climate conditions had no significant effect on behavioral progress.
At lower temperature lambs requested their mother more frequently through bleating at low intensity. The vocalizations of the newborns play an important role in modulating parental responses and often prompt a specific, low-intensity maternal vocalization known as a rumble (Dwyer and Lawrence, 1997) . Garcia Gonzalez and Goddard (1998) suggested that the vocalizations of the lambs are associated with the amount of maternal care needed. Thus, in situations where mothers offer less intense care to their offspring, the lambs can solicit them through an increase in the frequency of bleating.
In semi-intensive management, births that occur during the night are often not managed, and the failures of neonates to feed are not perceptible by the handlers the next day. As a result, these animals become more susceptible to pathogens in the environment, which negatively affect weight gain in the first days of life. The abilities of newborn lambs to withstand cold conditions depend on their abilities to obtain colostrum as soon as possible (Wassmuth et al., 2001) . Lambs receiving colostrum soon after birth, in addition to obtaining a higher passive immune competence, have a higher energy supply, which is important for maintaining homeothermy in a cold environment (Pires et al., 1993; Mellor and Stafford, 1986) . Some papers reported that when lambs were less vigorous and took longer to suckle successfully, infection rates increased (Christley et al., 2003; Dwyer and Morgan, 2006; Dwyer, 2008; Madani et al., 2013) .
The Morada Nova breed is known for its adaptability to management systems in semiarid environments (Fernandes et al., 2001; Santos et al., 2006; Ribeiro et al., 2008) . The weather conditions during the birthing season do not seem to have affected the maternal behavior, as the temperatures during the day and night were within the thermoneutral range for adult sheep (from 10°C to 34°C as determined by Santos et al., 2006) . According to our findings, we suggest that a higher intensity of maternal care occurs at the hottest times of the day (BGTHI > 80) due to the higher activity of the neonate. This conclusion was supported by the greater percentage of time spent on maternal grooming and facilitating sucking during the time periods with higher bioclimatic index values. These behaviors are important in promoting bond formation between the ewe and her newborn lambs and also encourage the early suckling by the lamb (Lévy and Poindron, 1987; Darwish et al., 2010; Darwish and Ashmawy, 2011) .
Our findings agree with the studies reporting that lambs born following short labor periods were significantly more active in the first hours following birth compared with lambs born following prolonged labor (>30 min; Dwyer, 2003; Darwish and Ashmawy, 2011) . It should be highlighted that long labor can produce difficulties for the newborn in locating the udder. In this study, the percentage of time spent seeking the udder was higher when lambs were born following long deliveries. An inactive lamb may experience hunger due to its inability to suckle sufficient milk. The lack of milk can lead to an inability to produce sufficient heat and lead to hypothermia (Eales and Small, 1981) . Lamb mortality is higher among lambs that take longer to stand, and these lambs also take longer to find the udder and to suckle (Dwyer et al., 2001) .
The low-pitched bleats were not influenced by the duration of labor. The findings of the present study on lamb bleating were not consistent with the literature. In another study, lambs with prolonged births tended to bleat more frequently compared to lambs with short births (Darwish and Ashmawy, 2011) . Sèbe et al. (2010) reported that lambs learn the individual characteristics of their mothers' bleats during the sensitive period. The interpretation of the neonate vocalizations in the first moments after birth is still somewhat controversial in the literature because some studies attributed the increased bleating to the neonate needing more maternal attention, whereas other authors suggested that increased bleating improves the quality of the mother-young bonding by establishing better communication and improving mother recognition (Nowak, 1990; Searby and Jouventin, 2003) .
Our findings agree with studies reporting that ewes with prolonged labor (>30 min) failed to show good maternal care (Arnold and Morgan, 1975; Dwyer, 2003) . The data of the present study showed that there was a lower percentage of maternal grooming in ewes with prolonged labor compared to those with short deliveries (<15 min). However, the present study revealed that the latency to groom did not differ between ewes that experienced prolonged births and those with short deliveries. Previously, studies showed that dams that had prolonged labor and needed assistance were slower and cleaned their lambs at a lower intensity. They were also significantly slower to begin grooming their lambs after birth (Darwish and Ashmawy, 2011) . In studies performed on Merino sheep in farming conditions, Arnold and Morgan (1975) reported that delays greater than 10 min in cleaning (maternal grooming) the newborn caused delays in the first ingestion of colostrum.
According to our findings, the length of lambing and the BGTHI at delivery can affect the mother-offspring interactions. Deliveries with a duration greater than 30 min can entail failures in the recognition process of the dyad. Moreover, in regions with a semiarid climate, the climatic environment at night is a stressor for the newborn lambs. Thus, in semi-intensive farming in the Brazilian semiarid region, breeders should be more careful with animals that are born in the cold (at night) and select ewes that deliver easily.
Conclusions
Newborn Morada Nova lambs are slower to stand and suck when born under BGTHI conditions below 65. Therefore, lambs born in periods with lower temperatures require greater care from the breeder, especially during the first 24 h after birth.
Prolonged labor harms the mother-offspring bond, especially in terms of the lambs' behavioral progress and the dam's ability to clean her lamb's body.
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